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SA2 discussed the latency reduction using a scheduled location time at SA2#142 and SA2#143 and sent the LS in [1] to RAN2 (incl. RAN1 and RAN3) attaching a technically endorsed CR to TS 23.273 [2]. The question from SA2 to RAN1/2 was as follows [1]:
	"SA2 would like to ask RAN1 and RAN2 whether support can be provided for a scheduled location time as part of Rel-17 and as defined in the attached CR to TS 23.273. SA2 also invite RAN1 and RAN2 to provide any other comments on support of this feature which may be applicable to support in 5GC.
	ACTION: 	SA2 kindly asks RAN1 and RAN2 to provide a response to the question above once RAN1 and 				RAN2 are in a position to answer."

RAN2 discussed this LS at RAN2#113bis and sent a reply LS in [3] asking several questions for clarification. In particular, RAN2 asked for a definition of the "scheduled location time" [3]. 
SA2 discussed the RAN2 LS at SA2#145, and provided a response to the RAN2 questions in [4]. In particular, SA2 clarified the definition of the "Scheduled Location Time" as follows [4]:
	"SA2 agrees the definition of Scheduled Location Time is a future global time (e.g. UTC) at which a UE is to be located. It is used by an LMF to determine the time to trigger positioning procedures, as defined in clause 6.11, TS 23.273. A location estimate returned to an LCS Client for a scheduled location time can be treated by the LCS Client as an estimate of the location of the UE at the scheduled location time."
The response LS in [4] also comments on the possible RAN impacts and includes a question for RAN2:
	"Some companies in SA2 think the Scheduled Location Time should not be sent to NG-RAN and UE. Other companies believe RAN WGs should decide whether it may be useful to send the Scheduled Location Time to NG-RAN and the UE in order to trigger measurements at or close to the scheduled location time.
	Question A: in order to get a clear view from RAN WG, SA2 sincerely ask RAN2 to investigate whether Scheduled Location Time could help the reduction of the LCS latency.
			ACTION: 	SA2 kindly asks RAN2 to take the above information into account and provide answers to 								Question A."
In this contribution, we investigate the latency reduction with a Scheduled Location Time and discuss the corresponding RAN specification impacts to support the SA2 CR to TS 23.273 in [2].
2.	Latency Analysis
Figure 1 below shows the Multi-RTT positioning procedure as described in TS 38.305 [5] in which the time T for location determination of the UE is scheduled in advance (UL-only and DL-only positioning would use a subset of this procedure accordingly). When a scheduled location time is used, the location procedure can be divided into a Location Preparation Phase (Steps i – 8) and a Location Execution Phase (Steps 9 – iv) [2].  
The location preparation phase starts when a location related request is sent by an LCS Client, AF or UE requesting a current location of the UE. The request includes the scheduled location time T. As part of the location preparation phase, the 5GC, NG-RAN and/or UE interact to determine suitable position methods and schedule location measurements of the UE to occur at or near to the time T. The location preparation phase ends just before the time T. 
The location execution phase starts at or near to the time T with the NG-RAN and/or UE obtaining the location measurements that were scheduled during the location preparation phase. Following the location measurements, the location execution phase includes a determination of the UE location and transfer of the UE location to a recipient LCS Client, AF or the UE. 
The latency analysis in this section is based on the RAN2 assumptions in [6]. Since the RAN2 latency assumptions include the steps for the UE–LMF positioning signalling only, we use the symbol tx1 to denote the latency for the steps before Step 1 in Figure 1. These steps primarily comprise the Location Services Request signalling and other required CN signalling procedures as described in TS 23.273 [7] (Figure 1 exemplary shows a Network Triggered Service Request). Accordingly, we denote the latency for the steps after Step 12 in Figure 1 as tx2. Typically, tx2 would be much smaller than tx1 (see Location Services Procedures in TS 23.273 [7]).
Positioning service latency – Baseline
Referring to Figure 1, at time (T–t1) an LCS Client sends a request for the current location of the target device to entities in the core network. E.g., some event or an application triggers the need for the target device location. 
At time (T+t2), the LCS Client receives the current location of the target device.
The positioning service latency, i.e., the time elapsed between the event that triggers the determination of the UE location and the availability of the UE location at the client, is therefore t1+t2 (i.e., the sum of the location preparation and location execution phase).  
Positioning service latency – Location Scheduling in Advance
The LCS Client knows a future time T when the current location of the target device is needed (see example user cases in section 3 below) and sends a request for the current location of the target device to entities in the core network before the time T. The Location Service Request includes the time T when the location of the target device is to be obtained. This time T is referred to as scheduled location time [4]. I.e., the LCS Client will treat the received location as an estimate of the location of the target device at the time T [4]. 
The positioning service latency the client observes is therefore t2 (i.e., the latency for the location execution phase only). The client expects the UE location at time T (as requested) but receives the location estimate at time T+t2 later due to the latency of the location execution phase only.
With the RAN2 assumptions [6], the positioning service latency for the NR positioning methods can then be summarized as follows (see Tables 2 – 4 for details):
Table 1: Positioning Service Latency Improvements for Location Scheduling in Advance.
	
	Positioning Service Latency [ms]
	Latency Reduction [%]

	
	Baseline
	Scheduling in Advance
	

	UL+DL Methods
	(288.5 – 486) + (tx1+tx2)
	(110.5 – 158) + tx2
	> 62-67 %

	UL-only Methods
	(149 – 322) + (tx1+tx2)
	(27 – 71) + tx2
	> 78-82 %

	DL-only Methods
	(222.5 – 353) + (tx1+tx2)
	(110.5–158) + tx2
	> 50-55 %

	NOTE:	tx1 is the CN signalling latency for the Steps before Step 1 in Figure 1. 
		tx2 is the CN signalling latency for the Steps after Step 12 in Figure 1.



Latency Reduction
The latency observed by the client is the time between the location is required and the time when the location is available at the requesting client. Without a scheduled location time, the time the location is required is the time when a UE, LCS Client or AF sends the location request to entities in the core network (i.e., to request the current location of the device [7]). Therefore, the latency comprises the time for the location preparation phase and location execution phase t1+t2 in Figure 1.
If a scheduled location time T is available, the time the location is required is the time T. If the location preparation phase can be completed before T, the latency comprises the time for the location execution phase only (t2). I.e., the client expects the location at T, but receives it at T+t2. 

Observation 1:	The feature "Location Scheduling in Advance" [2] requires a UE, LCS Client or AF that is requesting the location of a target UE to know a time T at which the location should be obtained. 

Observation 2:	A scheduled location time T allows the latency for obtaining and reporting the location of a target device to be reduced by the duration of the location preparation phase which allows substantial reduction of latency:
			DL+UL NR positioning methods:	Latency reduction of more than 62 %
			UL-only NR positioning methods:	Latency reduction of more than 78 %
			DL-only NR positioning methods:	Latency reduction of more than 50 %




Figure 1: UL+DL Baseline Positioning Procedure.

Table 2: Latency Summary for Baseline UL+DL Positioning.
	Step
	Delay Component
	Delay Value [ms]
	Comment

	
	
	Baseline
	Scheduling in Advance
	

	i-0
	LCS CN signalling
	
	tx1
	-
	Includes Location Service Request and other CN signalling (e.g., NW triggered Service Request, etc.)

	1a.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	-
	

	1b.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	-
	

	2.
	NRPPa Positioning Information Request
	TDL-NRPPa
	13-29
	-
	

	3.
	SRS Configuration
	TSRSConfig
	13-13.5
	-
	

	4.
	NRPPa Positioning Information Response
	TUL-NRPPa
	13-29
	-
	

	5a.
	NRPPa Positioning Activation Request
	TDL-NRPPa
	13-29
	-
	

	5b.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	-
	

	5c.
	NRPPa Positioning Activation Response
	TUL-NRPPa
	13-29
	-
	

	6.
	NRPPa Measurement Request
	TDL-NRPPa
	-
	-
	Not counted for UL+DL since steps can be performed in parallel (e.g., with LPP signalling)

	7.
	LPP Provide Assistance Data
	TLPP-PAD
	28-44.5
	-
	

	8.
	LPP Request Location Information
	TLPP-RLI
	23-39.5
	-
	

	9.
	Measurement gap configuration
	TGapConfig
	18-22
	-
	

	9a.
	DL Measurements
	TDL-Meas
	88.5
	88.5
	RAN1

	9b.
	UL Measurements
	TUL-Meas
	-
	-
	Performed in parallel with DL measurements

	10.
	LPP Provide Location Information
	TLPP-PLI
	20-39.5
	20-39.5
	

	11.
	NRPPa Measurement Response
	TUL-NRPPa
	-
	-
	Not counted for UL+DL since steps can be performed in parallel (e.g., with LPP signalling)

	12.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	13.
	NRPPa Positioning Deactivation
	TDL-NRPPa
	-
	-
	Not counted, since steps can be performed in parallel with other steps (e.g., reporting to client)

	14.
	MAC-CE Deactivation
	TMAC-SRS
	-
	-
	

	iii-iv
	LCS CN signalling
	
	tx2
	tx2
	Includes Location Service Response and other CN signalling 
(typically tx2 << tx1)

	Total:
	(288.5–486)
+ (tx1+tx2)
	(110.5–158)
+ tx2
	



Table 3: Latency Summary for Baseline UL-only Positioning.
	Step
	Delay Component
	Delay Value [ms]
	Comment

	
	
	Baseline
	Scheduling in Advance
	

	i-0
	LCS CN signalling
	
	tx1
	-
	Includes Location Service Request and other CN signalling (e.g., NW triggered Service Request, etc.)

	1a.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	-
	

	1b.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	-
	

	2.
	NRPPa Positioning Information Request
	TDL-NRPPa
	13-29
	-
	

	3.
	SRS Configuration
	TSRSConfig
	13-13.5
	-
	

	4.
	NRPPa Positioning Information Response
	TUL-NRPPa
	13-29
	-
	

	5a.
	NRPPa Positioning Activation Request
	TDL-NRPPa
	13-29
	-
	

	5b.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	-
	

	5c.
	NRPPa Positioning Activation Response
	TUL-NRPPa
	13-29
	-
	

	6.
	NRPPa Measurement Request
	TDL-NRPPa
	13-29
	-
	

	9b.
	UL Measurements
	TUL-Meas
	12
	12
	RAN1

	11.
	NRPPa Measurement Response
	TUL-NRPPa
	13-29
	13-29
	

	12.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	13.
	NRPPa Positioning Deactivation
	TDL-NRPPa
	-
	-
	Not counted, since steps can be performed in parallel with other steps (e.g., reporting to client)

	14.
	MAC-CE Deactivation
	TMAC-SRS
	-
	-
	

	iii-iv
	LCS CN signalling
	
	tx2
	tx2
	Includes Location Service Response and other CN signalling 
(typically tx2 << tx1)

	Total:
	(149–322)
+ (tx1+tx2)
	(27–71)
+ tx2
	




Table 4: Latency Summary for Baseline DL-only Positioning.
	Step
	Delay Component
	Delay Value [ms]
	

	
	
	Baseline
	Scheduling in Advance
	Comment

	i-0
	LCS CN signalling
	
	tx1
	-
	Includes Location Service Request and other CN signalling (e.g., NW triggered Service Request, etc.)

	1a.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	-
	

	1b.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	-
	

	7.
	LPP Provide Assistance Data
	TLPP-PAD
	28-44.5
	-
	

	8.
	LPP Request Location Information
	TLPP-RLI
	23-39.5
	-
	

	9.
	Measurement gap configuration
	TGapConfig
	18-22
	-
	

	9a.
	DL Measurements
	TDL-Meas
	88.5
	88.5
	RAN1

	10.
	LPP Provide Location Information
	TLPP-PLI
	20-39.5
	20-39.5
	

	12.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	iii-iv
	LCS CN signalling
	
	tx2
	tx2
	Includes Location Service Response and other CN signalling 
(typically tx2 << tx1)

	Total:
	(222.5–353)
+ (tx1+tx2)
	(110.5–158)
+ tx2
	




2.1	Impact of Latency on High-Accuracy positioning
High-Accuracy positioning normally also requires low-latency. A highly accurate location estimate is typically useless when the latency for making the location estimate available at a client is high.
The impact of latency on High-Accuracy location is illustrated in Figure 2 below. Assume the target location accuracy is <0.5 metres and the target device is moving with a speed of 10 km/h (e.g., a moving tool or carriage with 2.8 m/s). If the latency for delivering this high-accuracy location estimate to the client/application is 100 ms, the high accuracy location vanishes. I.e., the location uncertainty due to latency itself would be already 0.28 metres in this example, which is similar to the intended high accuracy of the location estimate. The moving tool or carriage may already have hit an obstacle before the application can react to e.g. stop the moving carriage. 

Observation 3:	Latency, i.e. the delay between the time of fix and when it is available to the user, is a significant source of position error for high-accuracy positioning and a target device in motion. 




Figure 2: Illustration of the impact of latency for High-Accuracy positioning.

3.	User Cases
As mentioned in section 2 above, the reduction of latency requires a UE, LCS Client or AF that is requesting the location of a target device to know a time T at which the location should be obtained. In the following scenarios, a UE, LCS Client or AF that is requesting the location of a target UE may know a time at which the location should be obtained. 

- 	Periodic Location: With a periodic deferred 5GC-MT-LR, the location of a UE is obtained at fixed periodic intervals. Clearly, the location time is then known in advance.
- 	IIoT Location: In a factory or warehouse with moving tools, components, packages etc., there could be a precise expectation or requirement of when a moving tool, component or package etc. will reach a specific location or will have completed a specific movement or operation. It may then be useful or critical to locate the tool, component or package etc. to confirm the expectation or requirement and make any further adjustments before proceeding to the next step or stage in fabrication in a factory or movement of a package in a warehouse. 
- 	Scheduled Location: The location of UEs may sometimes be scheduled to occur at specific times in the future. For example, vehicles on a road may all be located at the same time to provide an indication of traffic congestion and dispersion as well as to assist with V2X. People, containers, transportation systems etc., may also be located at certain common times. 
In the scenarios above, the known time, referred to as a scheduled location time T, can be provided in advance to reduce the effective latency in providing location results, as shown in section 2. 
We note further that with the preparation phase no longer contributing to latency, it can even be lengthened to allow a greater number and diversity of measurements which may improve accuracy and would be less feasible if the preparation phase was still part of latency. The end result can be substantial reduction in latency (as shown in section 2) that is achieved without any architectural change and with only small changes to existing procedures.
4.	RAN Impacts
As summarized in section 1 above, "some companies in SA2 think the Scheduled Location Time should not be sent to NG-RAN and UE. Other companies believe RAN WGs should decide whether it may be useful to send the Scheduled Location Time to NG-RAN and the UE in order to trigger measurements at or close to the scheduled location time."
Option 1: No Scheduled Location Time is sent to UE and TRPs
If the Scheduled Location Time T is provided to an LMF but the LMF is not able to provide T to the measuring entities (UE and/or TRPs), the signalling steps need to be arranged such that the location estimate of the UE can be obtained at or close to the scheduled location time T (as requested by the client). 
For the LPP signalling, this would require sending the LPP Request Location Information message at or around the time T known at the LMF, as illustrated in Figure 3 below. An LMF may estimate a time e for the DL signalling latency and potential time required for requesting and providing measurement gaps etc. (in the case of DL-PRS positioning measurements are requested). The Response Time in the LPP Request Location Information message depends on positioning method, application requirements, etc.  and would need to be selected by an LMF such that the UE is able to perform the measurements and provide the location measurements or location estimate valid for time T in the LPP Provide Location Information message. 
Therefore, in this case the UE would have no information of when the location measurements/estimate should be obtained and usually begins with the measurements after the LPP Request Location Information message has been received and analysed and measurement gaps were configured (when needed). The UE may make the measurements distributed over the response time and sends the LPP Provide Location Information message back to the LMF as soon as the measurements/location estimate is available, but no later than the required Max. Response Time. 
Therefore, the location estimate may be valid/obtained anywhere between LPP Request and Provide Location Information and may be an "average" between the first and last measurement performed. The LMF cannot control the time when the location measurements or location estimate is to be obtained by the target device and therefore, a successful outcome (i.e., location valid for time T) would be random.

 Observation 4:	With the current LPP specification, the time when the UE should obtain the measurements/location estimate cannot be controlled by an LMF. The available LPP Response Time defines the time when to send a measurement report (at the latest), but not the time when the location measurements should be obtained/valid. 

In the case when UL measurements are required, a LMF could send a NRPPa Measurement Request message to the TRPs slightly before the scheduled location time T, as illustrated in Figure 4. However, for the on-demand report characteristics [8], the LMF cannot even specify a Response Time, and therefore, each individual TRP may report the measurements at different times when available (e.g., dependent on radio characteristics at each TRP, etc.). To mimic a NRPPa Response Time, a LMF could request periodic measurement reporting. However, similar to the LPP case above, this would determine the time when to report the measurements, but not when to obtain the measurements. In addition, the available values for the reporting periodicity have no relation to the possible DL-PRS or SRS periodicities [8]. It would also waste measurement resources/capacity in a TRP in the case periodic measurements are not required.

 Observation 5:	With the current NRPPa specification, the time when the TRPs should obtain the measurements cannot be controlled by an LMF. A NRPPa Response Time (similar to LPP) could be realized by requesting NRPPa periodic reporting. However, similar to LPP, this would control the time when to send measurement reports, but not the time when the location measurements should be obtained/valid.

Therefore:
Observation 6: Without providing the Scheduled Location Time T to the UE and TRPs, the LMF cannot reliably  determine the UE location at the scheduled location time, and therefore, the location estimate returned to an LCS Client for a scheduled location time cannot be treated by the LCS Client as a reliable estimate of the location of the UE at the scheduled location time.



Figure 3: LPP Request Location Information without Scheduled Location Time provided to the UE.



Figure 4: NRPPa Measurement Request without Scheduled Location Time provided to the TRPs.


Option 2: The Scheduled Location Time is sent to UE and TRPs
The Scheduled Location Time T can be included in the LPP Request Location Information message sent to the target device as illustrated in Figure 5 below. The LMF could send the LPP Request Location Information message well before the time T, allowing the UE sufficient time to prepare and perform the measurements. An LPP Response Time is not strictly necessary in this case and could be omitted in the message. The UE would not be constrained by the response time and would generally have more time available for performing the measurements. The only requirement is that the UE has location measurements available valid for the time T, but the time when and for how long to perform the measurements could be determined by the UE itself and not by the reception/transmission of Request/Response messages. Since only the UE knows the current radio situation, the quality of the location estimate can be expected to be better. I.e., without scheduled location time and with the current response time mechanism, a UE would be constrained to perform the measurements within the response time, no matter whether a longer measurement time was needed to obtain the desired quality and number of TRP/SV measurements. With the scheduled location time T and the LPP Request Location Information message provided sufficiently in advance to the UE, the UE can decide when to begin with the measurements etc., but would need to obtain the final measurement set such that the location estimate is valid at the requested time T. A UE may perform multiple measurements and possible extrapolate them to be valid for the scheduled location time T.

Observation 7:	With the Scheduled Location Time T provided to the UE in advance, an LMF can reliably request a time when the provided measurements/location estimate are/is to be obtained. 

Observation 8: 	With the Scheduled Location Time T provided to the UE in advance, the UE measurement process is not constrained by the response time. The only requirement is that the UE has location measurements available valid for the time T, but the time when and for how long to perform the measurements could be determined by the UE; e.g., based on radio situation. Therefore, the quality of the location measurements/estimate may generally be better with a Scheduled Location Time T provided to the UE.


Figure 5: LPP Request Location Information with Scheduled Location Time provided to the UE.

For UL measurements a LMF can include the Scheduled Location Time T in the NRPPa Measurement Request message send to the TRPs. The same advantages as summarized above for LPP would apply to the UL measurement process as well. In addition, an LMF would now also be able to receive all UL measurements from different TRPs valid for the same time T which would generally also improve accuracy.

Observation 9:	With the Scheduled Location Time T provided to the TRPs in advance, an LMF can reliably request a time when the provided measurements are to be obtained. 

Observation 10:	With the Scheduled Location Time T provided to the TRPs in advance, the UL measurements performed at different TRPs would be obtained for the same scheduled location time T which would generally also improve location accuracy.



Figure 6: NRPPa Measurement Request with Scheduled Location Time provided to the TRPs.

The Observations in this section can be summarized as follows.
Observation 11:	It is beneficial to send the Scheduled Location Time T to the UE and TRPs in order to trigger measurements at or close to the scheduled location time.
5.	Specification Impacts
5.1	LPP
As discussed in [9], a desiredLocationTime could be added to LPP CommonIEsRequestLocationInformation defining the scheduled location time together with an uncertainty (UE-based) or measurement time window (UE-assisted). The measurement time window might be asymmetric, which could be used to avoid measurements too long after the desiredLocationTime.  For example:
RequestedLocationTime-r17 ::= SEQUENCE {
	desiredLocationTime-r17			LocationMeasurementTime-r17,
	windowStart-r17					TimeOffset-r17,
	windowStop-r17					TimeOffset-r17,
	...	
}

LocationMeasurementTime-r17 ::= CHOICE {
	utcTime-r17				UTCTime,
	gnssTime-r17			SEQUENCE {
								gnss-TOD-msec-r17		INTEGER (0..3599999),
								gnss-TOD-frac-r17		INTEGER (0..3999)	OPTIONAL,		
								gnss-TimeID-r17			GNSS-ID
							},
	networkTime-r17			NetworkTime-r17,
	...
}

NetworkTime-r17 ::= CHOICE {
	lteTime-r17				SEQUENCE {
								physCellId-r17			INTEGER (0..503),
								arfcnEUTRA-r17			ARFCN-ValueEUTRA,
								cellGlobalId-r17		CellGlobalIdEUTRA-AndUTRA	OPTIONAL,
								systemFrameNumber-r17	INTEGER (0..1023),
								...
							},
	nrTime-r17				SEQUENCE {
								nr-PhysCellID-r17		NR-PhysCellID-r16,
								nr-ARFCN-r17			ARFCN-ValueNR-r15,
								nr-CellGlobalID-r17		NCGI-r15					OPTIONAL,
								nr-SFN-r17				INTEGER (0..1023),
								nr-Slot-r17 			CHOICE {
									scs15-r17				INTEGER (0..9),
									scs30-r17				INTEGER (0..19),
									scs60-r17				INTEGER (0..39),
									scs120-r17				INTEGER (0..79)
								},
								...
							},
	...
}

TimeOffset-r17 ::= SEQUENCE {
	timeOffsetSign-r17				ENUMERATED { positive, negative },
	timeOffset-r17					CHOICE {
										seconds-r17		TimeUnits-r17,
										frames-r17		FrameUnits-r17,
										...
									},
	...
}

TimeUnits-r17 ::= SEQUENCE {
	numberOfseconds-r17			INTEGER (FFS),
	numberOfmilli-Seconds-r17	INTEGER (FFS)		OPTIONAL,
	...
}

FrameUnits-r17 ::= SEQUENCE {
	numberOfFrames				INTEGER (FFS),
	numberOfSlots				INTEGER (FFS)		OPTIONAL,
	...
}

5.2	NRPPa
As discussed in [9], the Requested Location Time in the NRPPa Measurement Request message could be defined in a similar way as for LPP. A "Start Time" and "Stop Time" could be added to the NRPPa Measurement Request message defining the measurement window. 
The NRPPa Measurement Request message currently includes the following information [8]:
-	TRP Measurement Request List: TRP IDs and search window information
-	Report Characteristics: On-demand, or periodic
-	Measurement Periodicity
-	TRP Measurement Quantities: gNB Rx-Tx Time Difference, UL-SRS RSRP, UL-AoA, UL-RTOA 
-	SFN initialisation Time: Defines the UL-RTOA Reference Time [8]
-	SRS Configuration
-	Measurement Beam Information Request
-	System Frame Number
-	Slot Number
For aperiodic SRS, the NRPPa Measurement Request message includes the SFN/slot number when the UE transmits the aperiodic SRS (which has previously been provided in the Positioning Activation Response to the LMF at Step 5 in Figure 1). Since the aperiodic SRS is a "single-shot" SRS, this SFN/slot number defines in principle the location measurement time.

Observation 12:	For aperiodic SRS, the NRPPa Measurement Request can already include a "Requested Location Time" in form of SFN/slot defining the aperiodic SRS transmission of the UE.

The System Frame Number/Slot Number in the NRPPa Measurement Request message above could be generalized to define the requested location measurement time as illustarted below.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	[…]
	
	
	
	
	
	

	TRP Measurement Quantities
	
	1
	
	
	YES
	reject

	>TRP Measurement Quantities Item
	
	1 .. <maxnoPosMeas>
	
	
	EACH
	reject

	>TRP Measurement Type
	M
	
	ENUMERATED (gNB-RxTxTimeDiff, UL-SRS-RSRP, UL-AoA, UL-RTOA,…)
	
	-
	

	>Timing Reporting Granularity Factor
	O
	
	INTEGER (0..5)
	Value (0..5) corresponds to (k0..k5)
TS 38.133 [16]
	-
	

	SFN initialisation Time
	O
	
	9.2.36
	If this IE is not present, the TRP may assume that the value is same as its own SFN initialisation time.
	YES
	ignore

	SRS Configuration
	O
	
	9.2.28
	
	YES
	ignore

	Measurement Beam Information Request
	O
	
	ENUMERATED (true,...)
	
	YES
	ignore

	System Frame Number
	O 
	
	INTEGER(0..1023)
	Defines the desired location time
	YES
	ignore

	Slot Number
	O
	
	INTEGER(0..79)
	
	YES
	ignore

	Measurement Window Start Time
	O
	
	INTEGER(-FFS)
	Relative to System Frame Number/Slot Number
	
	

	Measurement Window Stop Time
	O
	
	INTEGER(+FFS)
	Relative to System Frame Number/Slot Number
	
	




Proposal 1:	Include a "Requested Location Time" with measurement time window in the NRPPa Measurement Request message, defining the time window within which the location measurements should be performed. The existing System Frame Number/Slot Number in the NRPPa Measurement Request message could be generalized to define the "Requested Location Time". 

5.3	Relation to RAN1 Measurement Time Window
At RAN1#104-e, the following agreement was made [10]:
	Agreement:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· [bookmark: _Hlk70550088]A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
· FFS: The measurement instances are within a [configured] measurement time window
[…]



Although, the FFS in the agreement above hasn't been resolved yet by RAN1, the desiredLocationTime together with the measurement time window could support the RAN1 agreement of a "measurement time window" above as well, which has also been proposed in [11].  I.e., the UE and TRP measurements should be performed within the provided time window defined by windowStart/"Measurement Window Start Time" and windowStop/"Measurement Window Stop Time". 

Observation 13:	Proposals 1 above could also support the Measurement Time Windows for accuracy improvement discussed in RAN1.

6.	Summary
In this contribution we discussed the latency reduction using a scheduled location time based on the reply LS from SA2 [4].
The following observations and proposals are made.
Observation 1:	The feature "Location Scheduling in Advance" [2] requires a UE, LCS Client or AF that is requesting the location of a target UE to know a time T at which the location should be obtained. 
Observation 2:	A scheduled location time T allows the latency for obtaining and reporting the location of a target device to be reduced by the duration of the location preparation phase which allows substantial reduction of latency:
			DL+UL NR positioning methods:	Latency reduction of more than 62 %
			UL-only NR positioning methods:	Latency reduction of more than 78 %
			DL-only NR positioning methods:	Latency reduction of more than 50 %
Observation 3:	Latency, i.e. the delay between the time of fix and when it is available to the user, is a significant source of position error for high-accuracy positioning and a target device in motion. 
Observation 4:	With the current LPP specification, the time when the UE should obtain the measurements/location estimate cannot be controlled by an LMF. The available LPP Response Time defines the time when to send a measurement report (at the latest), but not the time when the location measurements should be obtained/valid.
Observation 5:	With the current NRPPa specification, the time when the TRPs should obtain the measurements cannot be controlled by an LMF. A NRPPa Response Time (similar to LPP) could be realized by requesting NRPPa periodic reporting. However, similar to LPP, this would control the time when to send measurement reports, but not the time when the location measurements should be obtained/valid.
Observation 6: Without providing the Scheduled Location Time T to the UE and TRPs, the LMF cannot reliably  determine the UE location at the scheduled location time, and therefore, the location estimate returned to an LCS Client for a scheduled location time cannot be treated by the LCS Client as a reliable estimate of the location of the UE at the scheduled location time.
Observation 7:	With the Scheduled Location Time T provided to the UE in advance, an LMF can reliably request a time when the provided measurements/location estimate are/is to be obtained. 
Observation 8: 	With the Scheduled Location Time T provided to the UE in advance, the UE measurement process is not constrained by the response time. The only requirement is that the UE has location measurements available valid for the time T, but the time when and for how long to perform the measurements could be determined by the UE; e.g., based on radio situation. Therefore, the quality of the location measurements/estimate may generally be better with a Scheduled Location Time T provided to the UE.
Observation 9:	With the Scheduled Location Time T provided to the TRPs in advance, an LMF can reliably request a time when the provided measurements are to be obtained. 
Observation 10:	With the Scheduled Location Time T provided to the TRPs in advance, the UL measurements performed at different TRPs would be obtained for the same scheduled location time T which would generally also improve location accuracy.
Observation 11:	It is beneficial to send the Scheduled Location Time T to the UE and TRPs in order to trigger measurements at or close to the scheduled location time.
Observation 12:	For aperiodic SRS, the NRPPa Measurement Request can already include a "Requested Location Time" in form of SFN/slot defining the aperiodic SRS transmission of the UE.

Proposal 1:	Include a "Requested Location Time" with measurement time window in the NRPPa Measurement Request message, defining the time window within which the location measurements should be performed. The existing System Frame Number/Slot Number in the NRPPa Measurement Request message could be generalized to define the "Requested Location Time". 

Proposals 1 above could also support the Measurement Time Windows for accuracy improvement discussed in RAN1 [10].
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